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THERMAL DECOMPOSITION AND BURNING OF AMMONIUM PERCHLORIDE

A. A. Shidlovskiy and L. F. Shmagin

Ammonium perchlorate NH4C104 was first synthesized by Serullas

in 831 [1]. Since the ±900's it has been used as an oxidizing agent

in various explosive, powdered, and pyrotechnical mixtures (2-4]. The

production of ammonium perchlorate and the quality of the conduct ob-

tained have been described earlier [5-7].

The physicochemical properties of ammonium perchlorate have been

described with sufficient detail in manuals [8, 9] and monographs

[2, 7, 0]. The heat of formation (-AHK29) of crystalline NH4ClO4

is indicated as equal to 69.42 kcal/g-mole [11, compare also 12, ±3].

Thermal decomposition of ammonium perchlorate was studied by

Naoum and Aufachlager [14l], Kast [15], Dode [16], Bircumshaw and

Newman [7], Bircumshaw and Phillips [18], Galwey and Jacobs [9],

Hermoni and Salmon (20], Solymosi and Revesz (21]. The process of its

burning (without additions of combustible substitutes) was studied by

Adams., Neumen, and Robins (22], Friedman, Nugent, Rumbel, and Scurlock

[23], and also by us [24]. In recent years a number of works have

appeared in which the burning process of mixtures of NH4 CI04 with

various organic substances were studied, for example [25]; many of
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these works found reflections in literary reviews (26-28].

Our study is a part of an investigation whose end purpose is to

explain the mechanism of exothermic decomposition of ammonium salts

(2411.

EXPERIMENTAL PART

Determination of the flash point of ammonium perchlorate with

catalytic additions was performed in a bath filled with Wood's alloy

with test tubes inserted into it [29). The rate of heating the bath

was 200 per minute. The sample of NH4ClO4 weighed 0.2 g. The results

of the determination are shown in Fig. i.

TABLE I

Flash Point of NH4ClO4
with Catalytic Additions

c a t a y t i 1 2 " hC O M M
additim pr, CUS

WithwA r-

- lesed; ,,

MnOr..5" 260-270 Light flake with
the appearmo of
tie

Cu2Ci,-3 290 Sm.

Combustion of the amonium perchlorate was done at atmospheric

pressure at room temperature in glass tubes with an inside diameter

of 22 mm. Compaction of the substance was done by hand with a wooden

plunger. The density of the combustible samples varied within 1.10-

1.20 g/cm3. The height of the column of the combustible substance in

all experiments was from 2.0 to 2.5 cm. Firing was done by a loop of

nichrome wire heated by an electrical current (12 v). The burning

time was measured by a stopwatch. The amount of the catalytic addition
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varied from i0% to 0.5%. As catalytic addition we tested compounds

of elements having a variable valence, chromium manganese and copper:

KaCraO, MnOa, KMn04, CuCla • MO, CuaCla.

We used ammonium perchloride with 99.25% N&CI04 which had been

passed through a No. 58 sieve. The data obtained are shown in Table 2.

TABLE 2

Burning Velocity of Ammonium Perchlorate
with Catalytic Additions

¢ a l e s u r l d V O I Ne I c n e W "d d i s i oe- . - Ie

Without additioe - DeIfst bWM. %elo$ "PePe
an relesed on )mIM & wir

KCrO,-lO - - SaR
MnO,-10 55 0,042

57 0.040
5% 60 0,040

55 0.0423 - ZlateO bt dim Out 9~4t
bmomide aiw eftsorAng off U)-
tomse hust

MnO-t75j 0.029
.7 73 0.032

% tW I00 0.022.
06 0,0122 .b is u3% - - ZWtes. brt -. g &A

CCI.S2H,O--, 31 0,074
30.067

* 3%4 49 0,045
V 0.044

2% 56 0.041
53 0,042

1% - - Unitess but yqdAI dies out
C0,C,3 - 5% 21 0.0965

2% 26 0.078
I % 38 0.oW

* 0,5% 70 0,029 100 00,hIR " nte nxt to
loer paut of U" a1 41oft

* AU eoirtmas with WC2 were ear ed out in *A* id.th inus dis
ste of' 34 me

As we see from Table 2 under the conditions of our experiment

ammonium perchlorate is able to burn when catalysts are added to it:

MnOIa, Kn04, CuCla * 2H0 and CuaCla*. Maximum burning velocity is

observed on addition of copper compounds3 on addition of CuaCla

* New data on the structure of compounds CuaClg and CuCla • 2U0
are shown in Yu. K. Syrkin study. Uspekhi Khimii, 2 , 904 and 9±8,
(1959).

FTD-TT-62-i902/i+21. -3-



burning is accompanied by the formation of a olearly noted flame.

Potassium biohWmate (10%) does not make ammonium pez'hlorate capable

of burning under the, conditions of our experiments. The addition of

a small amount of hydrazine perohlorate [30] to NMClO4 considerably

accelerates the burning process. 7or ex ue a mixture of NIM0104

(95%) + NaH5ClO4 (5%) with the addition of 5% CuaCla (over 100%)

stably burns in a tube with a diameter of 2.5 m at a velocity of

about 0.22 cm/s6c.

The addition of any combustible to ammonium perchlorate sharply

increases the heat and temperature of the reaction. We prepared a

mixture of ammonium perchlorate with glucose in a ratio of 80 : 20

which corresponds to the stochiometric ratios. It was assumed that

the reaction should occur according to tl~e equation:

61H 4CI0 4+Cji;0-COs+ 14-10+3N,+ 3CI.

The calculated heat of this reaction was 995 kcal/kg.

The results of burning this mixture as such and with the addition

of a catalyst are shown in Table 3.

Burning of Mixture: Amonium Perchlorate (8C) +
+ Glucose (20%) (Tube Diameter 10 mm)

• IX• ,- ?use

wIrm a tt1m I' ..2 OW

C*03 .2t1,0- 14 1,34 13 kis1

12 1,3 U 1S
12 1.5 U 0,13

It is interesting that the addition of glucose which sh ly In-

creases the heat and temperature of burning cpaatilely little
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iUaoeases the bU g velocity of the system (omares for .xmPleo

0.095 /o* in Table 2 and 0.12 ms/sec in Table 3).

It In possible that burning of mixtures of QUoMLIm perchloz'e

with organic substances occurs in two stages: at first burning of the

oxidizing agent Itself and then oxidation of the organic substanclil

by the decomposition products of the oxidizing agent similar to that

which takes place for mixtures of ammonium nitric with organic sub-

stances [DiJ..

CONCLUSIONS

1. Catalytic additions of compounds of elements with a variable

valence., namelyr CuaCla and NhOa, considerably lower the flash point

of the amonium perchlorate.

2. Ammonim perchlorate without additions does not burn at atmo-

spheric pressure, room temperature, and tube diameter of 22 mm. Xt

acquires the ability to burn under these conditions when we add to It

not less than 5 lfOa or I04, not less than 2% CuCla - 2RA or not

less than 0. 5 CuaCla (the last addition was tested with a tube dlm-

eter of 34 mm).

3. The addition of 20% glucose to ammonium perchlorate (with a

catalytic addition of CuaCla) only slightly Increases Its burning

velocity. This fact Indicates that the leading process is the burning

of amonium peroblorate as an individual substance, whereas oxidation

of the combustible substances is a secondary process acclished by

the combustion p'roftts of aomium perohlorate.
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DZUTRZDWZN WEl

DEPARTM3N OF DM33 ?fr. Copies HMO AIR OMOUWDS Capies

ASTIA 25

HEAQUATE8 UBA TDNCL 5
TDE~ 5

IPn-3D2 1SOD (ss0 2.
ARL (ARB) 1 3SD (387)

TDBZ
OTMM AOZkICM

C IA1
MSA 6
DIA 9
AID 2
OTh 2

AEC 2
FWS 1

NA4SA 1
APM 3
NAVY 3
RANDI
Paz 12
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